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ABSTRACT

Quantitative values for the interaction of several candidate riflingprofiles with the AMCAWS 30 ammupition were required so that a replace-
ment for the original AMCAWS 30 barrel could be selected. This effort
is primarily directed to that task.

A secondary effort was to document the process of deciding whic.hcandidate configurations would most probably be successful. There areseveral parameters arising out of this work designated as critical
(such as bearing stress) and these critical parameters are included ina coarse model to predict success ot failure of a given band and barrel
combination.
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BACKGROUND

Quantitative values for torque and rotating band stresses for

AMCAWS 30rn projectiles were required to meaningfully evaluate different

types of barrel twists. Displacement, velocity down barrel, and chamber

pressure at various time increments were used as input for a computer

program (Appendix A, Barrel/Torque Comparisons) that calculated, as its

principle output, torque, bearing stress, and shear stress at the

rotating band for each time increment. The interior ballistics data was

based on an interferometer trace obtained at the Hercules, Inc., test

range in Magna, Utah. This trace, Figure 1, is of excellent quality and

is one of the best obtained. The particular round examined had

essentially nominal chamber pressure, action time, and muzzle velocity.

Six barrels with different twist functions were compared in the

program using the same interior ballistic parameters. The barrel types

were: (1) current Rock Island Arsenal produced barrels (RIA);

(2) current Hercules barrel (Hercules); (3) constant twist barrel and

exponential gain twist barrei: with exponents of (4) N = 1.6, (5) N

1.8, and (6) N = 2.0. These barrels are fully described in the

description of barrels.

The work to obtain torque and stress values was started as part

of a routine investigation to complement the AMCAWS 30,nm development

work, but the work pace was accelerated when in-flight pictures

indicated some stripping of bands (bit no instability) on some rounds
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fired in the RIA barrels. This stripping was first noticed in June

1973. Work was begun on this effort in late August 1973, at which time

the RIA and Hercules barrels were in use. The decision to fabricate a

constant twist barrel and an N = 1.6 twist barrel was made in September

1973 and these two barrels became available at Rock Island in June 1974.

The firing tests were conducted in late October 1974. The computer

program itself was extensively rewritten after July 1974 to make use of

a CALCOMP graphics system that became operational in Rodman Laboratory

during that month.
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DESCRIPTION OF BARRELS

1. RIA BARREL. This is an 85-inch barrel made to Rock Island

Arsenal Print 74040070. This barrel has a .0 inch throat, free run

Ito 4.0 inches, gain twist to 73.25 inches and constant twist at an

8058 ' exit angle to the muzzle. The equation for the twist was ob-

I. tained by fitting a curve to the x-y layout coordinates. The equation
2 3 4

is y = Bo + B, (X-4.0) + B2 (X-4.0) + B3 (X-4.0) + B4 (X-4.0) . The

coefficients are listed in the Barrel/Torque Comparisons program in

subroutine AAMC 30 (Appendix A).

2. HERCULES. This is an 89-inch barrel. This barrel has a

1.0 inch throat and gain twist to the muzzle at an 805 ' exit angle.

The barrel has no constant twist exit portion. The equation of the

rifling layout is:
" 1.3

Y = .01008 (X-l.0)

3. CONSTANT. This is an 85-inch barrel with a 1.0 inch throat

and constant twist throughout the remaining barrel length. The

rifling angle is 8058 ' .

4. N = 1.6. This is an 85-inch barrel. This barrel has a 1.0

inch throat, gain tviist to 81.0 inches and constant twist to the

muzzle at an 8058 ' exit angle. lhe equation of the rifling is:

1.6

Y = .00641042 (X + 14.1582)

4



The gain twist function ip this barrel starts with a rifling

angle of 300' at X = 1.0 inch and gains to 8058 ' at X = 81.0 inches.

5. N = 1.8. This is identical to barrel N 1.6 except the

gain portion of rifling equation is:

1.8

Y = .00208633 (X + 25.9727)

6. N = 2.0. This is identical to barrel N = 1.6 except the

gain portion of rifling equation is:

2.0

Y = .000658627 (X + 
38,78559)

All the barrels described have 20 lands. The depth of groove

for the RIA barrel is .019 inches. The groove depth for the remaining

barrels is .025 inches.

The notation N = _._, refers to the type of barrel that has an

initial rifling angle of 30 with an exponential gain twist portion and

a constant twist exit portion. N = barrels include the N 1.6,

N = 1.8 and N = 2.0 barrels.
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INTERIOR BALLISTICS PERFORMANCE

The AMCAWS 30mm round (Figure 2) is a fully telescoped, cased-

consolidated round that is currently designed to operate in a stop

mode. The primer is struck, which ignites a 45-grain booster charge.

The ignition of the booster debullets the projectile and forces it

into the bore where, after a total travel of generally less than

5 inches past the barrel face, the projectile stops (thus a stop mode).

The hot gas from the booster also acts as an igniter for the 3000 grain

consolidated main charge, which causes the large pressure rise that

drives the projectile out the muzzle at about 3600 ft/sec.

The set of interior ballistic. data used for the barrel compar-

isons was obtained by considering the round ballistics to be composed

of three separate segments: (1) the velocity, position, chamber

pressure, and time data points after primer strike and up to the

projectile stopping in the bore; (2) the data points between stop and

restart; and (3) the data points after restart to muzzle exit. These

three regions and the times of occurrence are illustrated in Figure l.a.,

which is an interferometer trace of a firing conducted at Hercules,

Inc., Magna, 'tah.

Figure l.a. shows the total event with time progressing from

right to left at two milliseconds per centimeter. The microwave pulses

show that initial movement of the telescoped projectile accounted for

6
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about 3-1/4 cycles in about 3 milliseconds. The calibration factor for

this firing is 2.567 inches per cycle, thus the 3-1/4 cycles indicates

that the nose of the projectile moved approximately 8.34 inches before

stopping. Using values of 4.4 inches between the projectile nose

(point of reflection of microwave beam) and the center of the rotating

band and a starting position of .25 inches between the nose and the

start of the barrel, the position of the rotating band when stopped is

then 3.69 inches from the barrel face. The microwave pulses show the

projectile to be stopped for approximately 4 milliseconds (2 cm on the

trace) and then the projectile accelerates rapidly with the rise in

chamber pressure. The rapid acceleration is seen more clearly in

Figure l.b., where an expanded time scale is shown.

The most important of the three interior ballistics segments, as

far as sustained high torque seen by the rotating band is concerned,

is the restart to muzzle exit portion. Fortunately, the time scale,

when expanded (Figure l.b.), has excellent resolution of the traces and

can be reduced to the graph of Figure 3. Corresponding chamber pressure

for each time is also obtained. A smooth curve is fit through the raw

velocity data points and the equation of this curve generated. This

equation can be differentiated to yield projectile acceleration down

the tube for this segment.

The second segment (between stop and restart) has a relatively

constant pressure and no projectile movement. Pressure, velocity,

8
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position, acceleration and time data points are easily generated for

this segment.

The first segment (primer strike to stop) is the hardest to

resolve to the point where ballistic data points can be obtained that

have a high degree of confidence. The overall picture (Figure l.a.)

gives the time of occurrence and indicates some approximate values of

position and time. The values obtained from the trace and other work

done with booster performance enables "data" to be manufactured wiich
should reasonably duplicate the performance of the round in the first

segment. This data does not have as high a degree of confidence as

the third segment data because of the poorer resolution, but torques

are only seen in this segment for an extremely short time and projectile

velocity is low, so possible inaccuracies in this segment of the data

are not too important to the conclusions of this report.

Data representing the second segment was used as input for data

generating program (Appendix B, AMCAWS 30mm Interior Ballistics). The

program chiefly uses equations generated for position, velocity, and

chamber pressure as functions of time for segments one and three and

uses these equations to calcuidte the IB parameters for these segments.

The program then links the data of tne three ballistic segments and

punches a complete data deck. This deck represents the nominal

interior ballistics of the AMCAWS 30im round, from primer strike to

muzzle exit. Th' interior bellistics of the round are illustrated in

10



Figures 4 and 5. One result of obtaining acceleration by differen-

tiating tiie smoothed velocity data can be seen by observing the

slight discrepancy between the chamber pressure shape and the shape

of the curve for acceleration. This problem is caused by an inability

to more accurately resolve the original interferometer trace. The

acceleration curve should be very close to the 'correct' curve and

it is not felt that the results of the computer program are in any

way unduly compromised.

41
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D)EVELOPMENT OF TORQUE AND STRESS EQUATTONS

Figure 6 shows a rifling curve in the gun tube. Y is the arc

length subtended by 0, R is the nominal 30MM radius (.59175 inches)

and X is the distance down the bore the rotating band has traveled.

Assuming no shear in the rotating band, the rotation of the projectile

after traveling X inches is 0.

Torque and stress relationships will be obtained using the

equation,

2

Torque = I d 0
polar dt 2

2

therefore !_' is a quantity of much interest. From Figure 6,
dt

2

RO = Y

qd RO dO :d = dy dx)t :R t dt dx dt

but,
~~~~dxofdwth

a velocity of projectile down the tube, thusdt

do I [! (velocity]. Differentiating again

14
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R - NOMINAL 30MM RADI US
X -DISPLACEMENT
0- ANGLE OF ROTATION
Y -ARC LENGTH- SUBTENDED BY

RIFLING CURVE: LAYOUT

.I FGURE 6
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d d1 d dy d dx 2 d x - dt

S [dy dtx dx d2

dx 2 dT X2
L dt dx

Hcwever,

d 2X acceleration of projectile down tube, thus
dt2

d2  T [gy. (accele2ration) + dy (velocity) 1
dt dx2

Summarizing,

=Id. x  velocity]

= acceleration + d (velocity)2R d x d x 2

Values for velocity and acceleration (as discussed in the

INTERIOR BALLISTICS portion of this report) are available to the

BARREL/TORQUE COMPARISONS program so that with the proper equation of

the rifling for the barrel under consideration 0 can be determined

for any position or time.

16



Given the values for O, the other calculatioiis are quite

straightforward. Torque is obtained from the relationship

T I Ipolar e

Torque, however, can be considered to be the result of a dis-

tributed force actinS at the rotating band (nominal radius to rotating

band is .59175 inches). The total force acting to create the torque

is then

zF = T/R.

The area upon which this total force acts is, of course, the

bearing faces of the engraved rotating band (Figure 7). The bearing

stress is then

S bearing = ZF/z (bearing face area).

Likewise, the shearing stress on the band is then

Sshear = ZF/Z (shearing face area).

The sketch of Figure 7.a. shows the dimensions of a rotating

band that was fired through a RIA barrel. The nominal groove depth

of the RIA barrel is .019 inches so the summation of bearing face areas

is .137 square inches. The Hercules barrel has a groove depth of .025

inches so iL s total bearing face area is .180 square inches. The total

shear for the recovered projectile is .677 square inches.

17



DIMENSIONS

.019 FOR RIA BARREL

.025 FOR HERCULES
BARREL

DRIVING FACES

FIGURE 7-A

ROTATING BAND SEGMENT

FORCES TO ROTATE PROJECTILE

8058'

SWEPT AREA-

REMAINING SHEAR-RESISTING AREA

FIGURE 7-B



OBSERVATIONS

There are any number of ways to interpret the numbers generated

by the Barrel/Torque Comparisons computer program. There is also a

high probability that any arbitrary interpretation and the corresponding

conclusions as to predicting the success of the rotating band and barrel

twist combination will be incorrect. The most important aspect that

must be considered when evaluating the program results and making useful

conclusions is the actual mechanism of rotating band failure that may

occur.

Factors which may affect the ultimate success of a rotating band

probably include a combination of factors such as (1) peak torques,

(2) time duration of high torques, (3) driving edge pressure, (4) area

remaining that resists shear, (5) band properties, (6) band melting,

(7) barrel wear, and probably several other considerations.

The way in which these named and unnamed factors interact in the

AMCAWS 30mm system to determine the final condition of the rotating

band is, of course, the mechanism of rotating band failure. Determining

the actual mechanisms of failure for the rotating bands of high per-

formance ammunition is certainly a large scale test and research program

that is far beyond the scope of this report. A literature search

(unclassified) has been relatively unsuccessful in uncovering work that

specifically deals with copper rotating band failure in small to medium

I
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calibers. What is primarily the scope of this report is to provide a

basis for selecting a replacement for the RIA twist barrels. Hope-

fully, with the fabrication and availability of RIA, N = 1.6, constant

twist, and Hercules barrels, some correlation between the program

results and actual firing test results can be developed. Developing

such a correlation is a secondary portion of the scope of this report.

If a correlation between actual results and some combination of

numbers generated by the program can be found, it might be able to act

as a quick and coarse means of evaluating barrel twist suitability for

future or proposed high performance medium caliber weapon systems. The

remainder of this report is written with that in mind. Some general

discussion of barrel twists is then pertinent.

Any gain twist barrel is'sensitive to the interior ballistics

of the round. A round with slightly delayed peak pressure and thus

delayed peak acceleration will be in a steeper portion of the gain

twist curve and therefore higher than optimum torques develop. The

present RIA barrel configuration has good torque characteristics for

certain ballistic performance, unfortunately they are not similar to

the performance of the current AMCAWS 30mm round.

Another problem common to gain twist barrels is the rifling

angle sweeping action that reduces the shear area of the rotating band

and continually puts high bearing loads on the forward portion of the

band. This swepp is due to the constantly increasing rifling angle

20



in the gain portion of the barrel and as illustrated in sketch of

Figure 7.b. The 30 initial twist for the N _._ barrels was chosen

because it was felt the almost 90 sweep on the RIA barrel was one of

the major contributing factors to the failure of that barrel-rotating

band combination. The fact that there is evidence of band stripping

on the RIA barrel but no in-flight instability of the round tends to

indicate the bands finally do strip after the round has attained

sufficient spin to be stable. The higher spin rates necessary to

stabilize the round can only be imparted to the round in the muzzle

portion of the gun tube where the rifling angles are high. Thus, it

appears the bands do strip in the muzzle region of the RIA barrel,

after experiencing most of the 8°58' sweep.

The behavior of gain twist barrels, especially with regard to

increasing exponents, can be seen in Figures 8 and 9. The peak torque

values occur later with increasing exponents. The peak values are less

with increasing exponents but the curve itself is much flatter. These

effects are particularly noticeable in the torque vs. displacement

curve, Figure 8.

The barrel that appears most attractive, of the gain twist

barrels considered, is the N = 1.6 barrel. A constant twist exit portion

is desired so that the torque is low at projectile exit. Four to five

calibers of constant twist should be long enough to minimize any

pertubations that might be caused by a high torque at exit. The

21
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N 1.6 barrel has a slightly higher peak torque than the N = 1.8 or

the N = 2.0 barrels, but it should handle slight round-to-round

ballistic changes better.

Constant twist barrels are, compared to gain twist, relatively

insensitive to interior ballistic changes. Constant twist causes none

of the sweeping action found in gain twist barrels, so the shear area

is always at a maximum for any given exit angle. Unfortunately, con-

stant twist barrels exhibit higher torques than their gain twist

counterparts. The time duration for the peak torque region is

correspondingly less. This is shown by the sharper peak on the torque

vs. displacement curve (Figure 8).

Constant twist barrels can also be fabricated with more manufac-

turing techniques than can gain twist barrels. Broaching, swaging, or

hammer forging (which are possible only with constant twist) are

generally cheaper than hook tooling or the more exotic ECM techniques,

especially in a quantity production environment. The barrels used to

date in the AMCAWS 30 program have all been hook tooled.

24



FIRING TEST

Completion of the fabrication of an N : 1.6 and a 3nstant twist

barrel, combined with the availability of an RIA twist barrel, allowed

a firing test to be conducted that was designed to evaluate the three

band/barrel combinations. A series of 28 shots with basic Mann barrel

instrumentation (chamber pressure, round action time, velocity) was

fired with down-range photographic equipment set up (Figure 10) so that

in-flight pictures of the fired AMCAWS 30 rounds could be obtained. The

firing data for these rounds is listed in Table 1. The ammunition used

is Lot X05. All three barrels had less than 20 rounds each fired

through them when the test began.

The pictures obtained were of excellent clarity. The three

pictures chosen for each barrel for inclusion in this report are very

representative of all the pictures taken.

Rounds 63, 68, and 72 are rounds fired through the RIA twist

barrel. These pictures show the bands completely stripped. The rounds

are stable as shown in the pictures. Rounds fired through RIA twist

barrels have always targeted well. This reaffirms the belief that these

bands stripped only after a large enough spin rate was obtained for the

round to be stable.

Rounds 74, 75, and 80 are rounds fired through the constant twist

barrel. The bands on these projectiles are in excellent condition.

25



LLo

26



Rounds 86, 87, and 88 are rounds fired through the-N 1.6

twist barrel. These bands are also 'in good condition. The gain twist

sweep mentioned earlier is easily seen. The driving edge face is in

very good condition for the entire width of the band.

27
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EVALUATION OF RESULTS AND PREDICTIVE MODEL

The initial decision to fabricate the N 1.6 barrel was made

after the results of an early version of the Barrel/Torque Comparisons

program were evaluated and the N = 1.6 barrel appeared to offer a

significant reduction in peak torque and it was noted the torque curve

approached the curve for the Hercules barrel (which was known not to

strip bands).

The decision to fabricate a constant twist Larrel was made because

it was felt that so basic a barrel type should be evaluated with actual

firings. Historical inertia and the high peak torque values led most

everyone involved in this decision to feel this barrel would most

certainly fail the band.

The flring tests and in-flight pictures indicate that future

barrels fabricated for the AMCAWS 30 program, using current interior

ballistics and copper rotating bands, should have constant twist or

the N = 1.6 twist. The primary objective of this effort, choosing a

replacement for the RIA twist barrel, has bcen met with that recom-

mendation.

The secondary objective of this report, providing snme coarse

predictive model for evaluatitig the suitability of different band,

interior ballistic, and twist combinations, is not as directly met. A

model such as that will necessarily be simplistic since, as stated,
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the "precise" mechanism of rotating band failure for this type of

high performance ammunition has not been explicitly determined.

The model must also be simplistic because it is trying to

generalize from a small amount of data and a limited firing test. The

approach that will hopefully result in constructing the predictive

model is one of essentially working from both ends to the middle

(Figure 20). One end is the comr ter program that assumes no band

failure and calculates the values listed in the data matrix. The other

end is the result of the firing test. The middle is the model that

will evaluate the computer program output and predict the same results

as occured in the firing test.

The model presented here suggests that two things should be con-

sidered; (1) the peak stress values must be able to be sustained by

the rotating band, and (2) the time over which the high values act is

very important.

The first consideration seems somewhat obvious. The band

properties must be able to resist the peak shear and bearing loads.

Shear stresses for the barrels considered do not exceed 10,000 PSI so

failure in shear does not appear to be a problem. The bearing stresses

are much higher, approaching 40,000 PSI.

The difficulty in determining if the peak bearing stress values

exceed the band properties is finding data on band properties. Pub-
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lished data from materials testing usually indicates that all rotating

bands for high performance ammunition should fail. Most materials

testing is done at a rate that does not begin to approach the rate of

application of stresses in a gun. High strain rate tests do not usually

result in data with easily comparable units, such as PSI. Rate of

application certainly affects the ultimate limits of bearing strength

and shear strength for the band material. One published value suggests

20,000 PSI as an allowable copper rotating band bearing stress, but the

three successful barrels exceed that value by 11% to 65%. None of the

barrels considered are less than 20,000 PSI in bearing. The constant

twist barrel has a peak bearing stress of 33,200 PSI, so that might be

considered a minimum for a range of values that describe the ultimate

limit for rotating band bearing stress. The indications that the band

are stripped well down the RIA barrel tend to suggest that the band

withstands even the 38,000 PSI peak bearing stress of the RIA twist

barrel successfully.

The peak torque, bearing stress, and shear stress values are

listed in Table 2. These are the peak values computed in the program.

Actually, however, the peak values for the constant or the N

barrels are not listed. The nonspinning rotating band moving at about

200-250 fps engraving onto the 90 or 30 twist theoretically (since a

no shear condition is assumed) produces Infinite peaks. These peaks

IJ. Wolf and G. Cochran, Rotating Band/Rifling Interaction Study;

General Elect ic Report 72APB552, November 1972.

41

-



Torques

Barrel Band Position (in) Time (msec) Torque (in-lb)

1.6 30.4 13.4 2378 108%
1.8 32.7 13.5 2316 105%
2.0 35.1 13.5 2274 103%
RIA 38.7 13.6 3101 141%
Hercules 30.4 13.5 2197 100%
Constant 6.7 12.5 3579 162%

Stresses

Barrel Shearing Stress (psi) Bearing Stress (psi)

1.6 6613 105% 22210 111% 105%
1.8 5410 102% 21647 108% 102%
2.0 6288 100% 21250 106% 100%
RIA 9482 150% 38158 190% 179%
Hercules 661 6 105% 27052 135% 127%
Constant 9037 143% 33190 165% 156%

Suggested Values 20000 100%

PEAK TORQUE AND STRESS VALUES

TABLE 2.
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last for such a small time period that they can be neglected. The

print-out shows torque for the constant twist barrel is 0.0 in-lbs

when the band is .816 inches into the barrel and 57.1 in-lbs at a band

position of 1.124 inches. The time increment is .1 milliseconds.

These values infer the time duration for the very high torque values are

probably on the order of microseconds. The Gun Tube Handbook2 refers

to a five microsecond duration for the decay of infinite torque to

"acceptable" values for a 37mm gun with 1.0 inch free run and a

Y =_ P1.625 rifling profile. This background is presented in an effort

to demonstrate that the time duration of peak values is important

(again, there is also a rate of application relationship).

Bearing stresses for the six barrels compared appear to be the

moot critical values coming out of the progjam. The range of these values

is very high relative to all published data (directly comparable or not)

for properties of this cioqs of copper. Bearing stress also relates to

the amount of displacem !nt the driving edge experiences, which could

significantly change the remaining shear area. This might possibly

reduce it to a critiral region. Band melting might be accelerated by

higher bearing stresses and the higher frictional forces. These

parameters, which can be associated with bearing stress, are also felt

to be rate dependent.

2AMCPM 706-252, Engineering Design Handbook, Gun Series,
Gun Tubes, February 1964.
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The idea of time duration and rate dependence is the reason a

comparison of the integral of bearing stresses with respect to time

is offered as the second test in this two-step model. The program uses

a trapazoid summation to integrate torque, bearing stresses, and shear

stresses with respect to time and position. The values are listed

in Table 3.

Once again, a number which represents the dividing line between

success and failure, for the integral test, is not readily available.

The dividing line value appears to be between 48 PSI-sec and 55 PSI-sec,

assuming the RIA barrel does not cause band failure due to the first test.

The proposed predictive model utilizes: (1) a computer program

to calculate stress values caused by proposed interior ballistic

performance acting on the candidate rifling profiles, (2) rotating

band materinls properties that can be meaningfully compared to the

calculated stress values, and (3) a comparison of the integrals of the

bearing stress versus time curves for the candidate barrels. This

predictive model, based on very limited data and without precise know-

ledge of the mechanism of band failure that actually occurs, is some-

what incomplete. The model will provide a basis for evaluating any

significantly different interior ballistic performance, such as when

AMCAWS 30 goes to a non-stop mode. While the model will be refined and

corrected with more firings and additional research, it now provides a

better basis for selecting a barrel twist than was available previously.
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CONCLUSIONS AND RECOMMENDATIONS

The Barrel/Torque Comparisons computer program can easily be

changed to provide comparisons of many possible barrels with a set of

nominal ballistics data or comparisons of one barrel with a range of

ballistic performance. This is a useful design tool so that someone

charged with releasing a barel drawing can do so with some assurance that

the twist profile appears compatible with the interior ballistics of

the round. An advanced gun and ammunition development program, such as

AMCAWS 30, should check barrels alout to be released against current

interior ballistic performance.

The predictive model is admittedly simplistic, based, as it is,

on limited data, limited experience, and limited intuition. The model

is not, hopefully, one of the arbitrary interpretations discussed under

Observations. Work, to whatever degree possible, should continue on

refining such a predictive model as it will fill a very real need in

designing one aspect of the gun-ammunition interface.

The success of the N = 1.6 barrel as indicated by the values

coming out of the computer program and the firing tests, is due to its

hybrid design. The initial rifling angle of 3' is a very important

design element to reduce the total sweep experienced by the rotating

band while the 1.6 exponential gain allows low band stresses throughout

the barrel. The N = 1.6 barrel essentially takes the zero band sweep
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aspect of a constant twist barrel and combines it reasonably success-

fully with the low peak values associated with gain twist barrels.

The goal of the initial effort of this work was to provide a

replacement for the unsuccessful RIA twist barrel. The recommendation

of the constant or the N = 1.6 tw;,t barrels with the current AMCAWS 30

interior ballistic performance meets that goal. There is a very high

degree of confidence in those recommendations since they were actually

fired. Looking ahead in the AMCAWS 30 program to non-stop ballistics

and plastic rotating bands, a secondary goal of evaluating barrel/band

combinations without fabrication and firing developed. The predictive

model presented is a first step in meeting that goal.

Specific conclusions and recommendations follow:

CONCLUSIONS:

1. Evaluate barrels about to be fabricated with current interior

ballistics performance.

2. Current (May 1975) ballistic performance indicates N=1.6 or

constant twist barrels should be used.

3. Rotating band sweep on gain twist barrels is a critical para-

meter that must be considered when suggesting a new gain twist function.

4. Rotating band sweep due to gain twist limits the rotating band

width (width in the axial direction) that can be effectively used. Wider

bands with gain twist barrels do not always have better survivability.

RECOMMENDATIONS:

1. Obtain better and more useable data on high rate properties of

rotating band materials.

2. Refine the rotating band predictive model.
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IF4RAN IV CG LE VEL 21 M~AIN DATE z75166 01/44/46b

C tiARREL/F0.dQLE COMPARISONS )0000060

CL -'k0GRA,4 By MICrIAEL F-. KANE (SARRI-LW-A) 00000070

c OOO.00000N 0FCcW 3~ooo~oo.00MM P POECTILE ALONG BARREL LEN600040000010

C AE C 0 0 O 0 O 4 ON CWS00INER O bALISTIS PR614A 00OOO000016

C0000EROF DAT C0kU 15 LM000 H* TE SIZ OF 0iE 1UAIA RRAY 0ldoO

C 1dDRTCIvE CN M (,C~SEONDS;RJETL LOGBRELLN 00000150
C ASED,2) PSTON (~S INTHES)O vALSIS ROA LA000160

LOGO dDAT0l_9J0= %c 00040 00LC 400 004 40 o 000004000 70

L Iboo~OATooooo4ooACEoooooERAT oooooo,. 444000*0*40000**0* 00000280l

C 16DATAt(..I)z HMEk kSR (SECOO 00000290
IN.JAT( J,2)= pOSTION (INCHENS) uof0000

C dOATL.,.4t)=RCWLOIT VtLOI/S tDC)C u010
L IAT43,Ld: 0=4fTLACCELERATI ON (RFI/SEL/SEC 0000020

C- dBLC( J,)t0 C.uUt (IN-LbS; 00000330
L 88L-. ,.s)=TcrAL Si-FAR AkEA kEPOAJNIN? CN BAND (1N002) 00000340
C 68L-.. ot6b)=Y VALUE OF LAND ICNCHES) 00000350

c UHL-(j v/): FIHS) CERIvIfIVE OF RIFLiNO EQUATION U0000360

C dtiL_..( ,,d)=SECCNi; GEtMIVIIIVE OF RIFLING LOLATION U0000370
C dtL-C jov)= FEAR STRESS ON dANC (PSI) V000038 0
C d8CL...JI)dLARING S',,LSS ON BAND FACES (PSI) 00000390

C SIGNIFICANT FIGUPES IN EXCLSS OF THE Mf4CHINE ACCURANCY 00000430
LAkE INCLUED FOR RtFI-ALhCE o0000440

0001 t4EAL CUOATA(250,5),BrLlC250,10).BBL2290910),f8BL3C250t10)9IPULARt 00000480

lNlN2,NJMPROJXLUP'MY(2S2),YDUMMY(252)s 00000490
28BL'iER(2S0,10) ,d)LAMC(250,10) ,BBLCONC250uIO) oOO00500

0002 0,IMENSION IBUFCIO0U) U0OU510
0003 J=0 00000520
0004 20 NtAD(5q3n,EN)240) A~v~tq 00000530
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FORTRAN IV G LEVEL 21 PAIN OA7E = 75166 07/44/46
0005 

30 tUJRMAT(S(E6.,7))0006 J=J-l 
U0000540

0007 lbDATA(J,DA 000005500008 i8DATA(J,2)2B 000005600009 IBDATA(J93)C 
000005700010 It5ATA(Jr4)x= 
000005800011 180ATA(J#S}=E 
000005900012 (50 TO 20 
000006000013 40 CONTINuE 
000006100014 NSET=J 
00000620

S001L %VAL=NSET*2 00000630061A RAUO0G=S7.2958279 00000640
0017 SL0PE=157788 000006500018 ABOF=1.Ioood 

00000660
001q R=.5917S 000006700020 STAR=I.0E70 

000006800021 kH0.5856608 
000006900022 IPOLAR=3.8043E-U4 
00000700

0023 PROJ=1,0913E-3 000007100024 UO 45 J=19NSET 
000007200025 1dDATA(J93}=IBGATA(J,3)*1

2 ,0 000007300026 I
8
0ATA(J,4)IBGATA(J,4)*12.0 

000007400027 45 CONTINUE 
00000750

C 00000760C 
0 00 770

C * * t* 
dARqELS N=1.6,tv=I.8,N2.0 CALCULATIONS 

000007900028 STAr=1,0 00000 80
0029 EN0281.0 00000800030 Pl=o.41uq20b9k-0J 

000008200031 P2=2.086332E-03 
000008300032 P3=6 .S862728LE-04 
000008400031 Nl=l.b 
000008500034 (,.2=1.8 
000008600035 N3=2.0 
000008700036 xP1=14.158

2 2 p71 
000008800037 XP2=25.9727

1 115  
000008900038 XP3=38.785591

2  
00000900Oo3q AHT1=9.384274135 00000900v40 AMT2=9.37723553 
000009200041 AmT3x9.446

0 344 6 9  
000009300042 0 70 Ji iloSLT 000009 00043 IF(IBOATA(J#).GE.START) GO TO 50 
000009500044 046 m4bP1,10 
000009600045 BLI(Jm)=0.0 000009 0

0046 dRL2(J )}=04 0000090
0047 dL3(J9)=0,0 

000009800u48 46 CONTINUE 
000010000U49 dHLI(J,5=SbR 
000010100050 88L2(JS)XST 0 
00001020005; dHfL3(JS)=STAR 00001000052 60 TO 70 
0000104000'3 50 IF(I8OATA(j92).GT.LND) 00 T0 60 
000010500054 CALL GAINP(JpINIXPITTI T2.TOROUE9ALEFTIYDYDXD

2 YDX2f 00001060
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FORTRAN IV 0~ LEVEL 2!1 P~AIN DATE m 75166 0/44

25LA EIdDfAj2)10ATA(js3) ,tMdATA(J4)t80)ATA(J-b1 * 00001070
liTA5RTR, iH^.4P.qljdu-OAeURE) 00001080

v0ss ~ idLl( ,jtl)wT 00001090
0056 d8LI( J#2)=ii 00001100
0057 38L1 I(Jv3)TU 00001110
0058 'IHL1( j,4)=T0RCUa 00001120
0059 tkiL1 ( J95)=ALEFH1 00001100
0060 tdL I( J96)=Y a0001140 ;
0061 t38L I( jq7)=ATAtN(CYDX)OAAO20G 00001150
0062 86111 Jvd)=DeYLA2 00001160
0063 RBI( jtq)zSt1EAR 00001170
0064 alL1(JqI0)=otAk 00001180
0065s CALL GAINP(JtP2,NeXP2.TTl.TeT0RCUE.ALLFT2,yYVOYU 2YDje tt0001190

2SrEAR,8EAR,18VA7A(Je2),I8DATA(.J,3)tIBOATAIJ,4),I8DATA(j,5), 00001200
ISTARTR, IPCLARt4Pk0JtI40,A80HE) 00001210

0066 dtL2 Jj)zT 00001220
0067 'lriLZ( J2)TI 00001230
0068 dUL2C j*3)=12 00001240

*0009 68L?( J,4h=TRUE 00001250
0070 tdoL2 ( j.5)=ALEFT2 00(")1260
0071 ddL2C j.6)=Y 00001270

K0072 68L2 ( jq7)sATArN10YDX)*PAD2UG 00001280
0013 8bL2( Jt8) SOeYtA2 00001290
0074 BBLe( j#9)=SmEAR o0001300
0075 bdL2(J,10)sBEAA 00001310
0076 CALL GAINP(JP3,N3,XP3,TTT2,rOGUEALEFT3YYD,,2YA2, 00001320

2SHEARBEARI80ATA(Jtd),IBDATACJ,3),I80ATA(J,4),18OATAJ51, 00001330
ISTARTRIP0LARMPROJR-,Ab0RE) 00001340

0307f 8AL3( jol)=T 00001350
0076 t8dL3C J,2)=Tl 00001360
0079 681.3( J,3)=T? 00001370
0080 USL3( J94)=TURGuE 00001380
o0081 kHL3( JS):ALEFT3 00001390
00.2 HHL3( J*6)=Y 00001400
00e3 8iUL3( jv7)=A1AI(CYOx1*RAD2UG 00001410
Oud4 864L3( J,8)=L)eY0X2 00001420
0085 MeL3( J,9)=SnEAk 00001430
0086 8&3.ILJ*J10):tSLAk 00001440
0087 (;0 TO 70 00001450
0088 60 tiULI( J,6):SL0PLo(I8CATA(J2)-LN)OAViT 00001460
0()d9 H1dL2( j,6)2SLOPEO(I)AA(j,2)-EN)APs12 00001470
00900 e8L3( j,6)=SLUH*(8OATA(J2)LNG).AT3 00001480
0091 8i$L1( J,1)=bbL1(jt6)/R 00001490
0092 86LIC J,1)=BoL2(J#6)/R 00001500
0093 8kiL3 ( J,1)=tdbL3(,js6)/R 00001510
00)94 dbLl( J,2)=SL0PEO~d0ATA(j93)/R 00001520
00395 bt&L2( J#2)XBBL1CJ#2) 00001530
0096 tid3L 3 Jt2)8dbL1CJ#2) 00001540
0097 odLl jv3)zSL0PE*I8OATA(J,4)/R 00001550
0098 8BL2( j,3)=b8L114,3) 00001560
0099 88L.3( J#J)=bbL1(493) 00001570
0100 861.1C (j94)xIP0LAji 0b9L1(J,3) 00001580
0101 bbiLd( J94)=dBLl(j,4) 00001590
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FORTR~AN IV 6 LEVEL 21 P'AIN DATE 7516b Oi/44/4b

0102 tflL3( J,4dwBbL(j,4) 00001600
01G3 b!JL1C Jt~b)=ALEFTI 00001610
010" bt5L,( J#S)ZALEFT2 00001620
0105 8bL3C J,5)=ALEFT3 00001630
ON() t3BLL( J#7)XATAN(5L0PEJ'RAD206 00001640

017dHL2( J,7Izd8Ll(jt7) 00001650
0108 883L.( J,7Iv8bL1(j97) 00301660
0109 dbL1( Jid1:O.O 00001670
0110 G8bL2( Jed)aO.0 000016UO
0111 bbkL3( J#8)90.0 00001690
0112 edL1( J99iS8dLI( J,4)02*496 00001700
0113 Bf'L2( Jtg~xdLi J94)02.496 00901710
U114 OOL3( Jt9)'f1dL3C J,4362o496 00001720

0115*5L(J-0)=JdLI J9)*938800001730

0116 'iHL?(Jv10;iJBdL2( J,4)0*386 00001740

01217 AdL3(5.6 GOL3 TO4 3208 00001850

Ois 0 310 ?T1,l0 00001750
C1S30tbACJM=. 00001760

016C LiC,~adT 0000180

01280 GORE RI0 300 LATO 00001890
01I9 320 RcIbvr.O,~b. 1G 3 00001900
0130 CALL 3.2 00001910

011AtlEIOAA(,l,1u5N.JY,95.6DYX0yD2T05E 00001920
012 UL 30 JSIvNSE.AR 00001930

0123 IF8LAA( 92.7S ) GO T 32 00001940
0124 JO 310C M-19:10 00001950
012531 dbLAMC(J#M.3)T2 00001960
0126 8bLADPCc .,,)=.otd77b 00001870
01.27 I8 A J,5)LL*I0 8FT(i)SA 00001980
0136 GOLMC TO 300 00001990
01.3732 r*IA( J7ATAjc)6#N 0~) A0 3 0000200
0130 CALL AMC j.02Y0X2~eIBAA(t)1DTAJ4#7A~k O 000010

u19 ARE 9 8ATA(95 1PL~vP(J9Y TTIt-9YX#4AD2 ORU 0000120
0140LCFTJ,10IBEAR) 00002030

0141 88L0 C TO 300 00001940
0142 330 CAL C0NSTCSlOFf0I0TC,)IDT(,)IDT(,)A 00001050

0133 r4,AM 0P J93 ATA(,),,,1TOQULF9OO,20 00002060
21S4 d.AMC( I.) TK 00001970

013 t3RLAMCC J95)=AT F 00001080

0144 8dLAMC( J.82Y 00002090
0145 eiLAVC( J99)=Ste k 000021020

0147 8BLAMC( Jg5)=AT 000020
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FORTRAN IV 6 LEVEL 21 MAIN DATE • 75166 07/44/46

0148 UBLAMC( J.6)=Y 00002130
0149 8(JLAMC( Jo7)=ATAN(UYOX)*AD2uG 00002140
0150 "8LAMC( J98)=D2YDA2 00002150
0151 ddLAMC( J,9)SHEAR 00002160
0152 dbLAPC(J9IO)=BEAR 00002170
0153 300 CONTINUE 00002180

C 00002190
C 00002200
C*00** oARkEL HERCULtS CALCULATIONS 00002210

0154 START=1.0 00002220
0155 Pjz.01008 00002230
Of.6 N3=1.5 00002240
0157 AP3=O.O 00002250
u158 00 100 .J=I1tiET 00002260
0159 IF(IbUATA(J,2),GT.1,0) GO TO 90 00002270
0160 00 80 mm1,10 00002280
0161 dO d8LH*.(JM)=O.0 00002290
0102 BHLHER(J5)=STAR 00002300
0163 00 TO 100 00002310
0164 90 CONTIHUE 00002320
0165 CALL GAINP(JtP3,N3,XP3,TTItT2,TOROUEtALEFT#YDYDX02YDXet 00002J30

ISMLARBEARtIuOATA(J,2),I8DATA(J3},IBDATA(Jt4),IBDATA(JtS), 00002340
lS7ARTRIPOLARMPROJRHOtABORE) 00002350

C **** SHEAR ARtA CALCLLATION. AREA IS AREA SWEPT9 ALEFT I5 AREA U0002360
C *o*. REMAINING ON THE ROTATING BAND PER SEGMENT 00002370
L 00** DRIVE IS DRIVING EDGE AREA 00002380
C *000 SUMFUR IS SUMATION OF FORCES AT RADIUS TO PRODUCE TORQUE 00002390

U166 AREA=.0648000tDYWA 00002400
0167 ALEFT=(0.0334627-AREA)*20.0 00002410
0168 SUMFOR=TCRUUE/k 00002420
0169 SHEAR=SUMFOR/ALEFT 00002430
WU70 DRIVe= .3600/CCS(ATAN(DYOX)))*20.*0.0019 00002440
011 BEAR=SUMFOR/ORlvt 00002450
0172 6BLHER( JI)=T 00002460
(173 dBLrjER( J,2)aTl 00002470
0174 BBLHER( j93)=T2 00002480
0175 dBLHEK( J.4)NTC'qUE 00002490
0176 a8LHER, JS)=ALtFT 00002500
U117 ObLHER( Jo6)zY 00002510
U178 dLHER( j,7)=A1AN(DYCX)*RAL)2UG 00002520
01/9 dbLHER( J,8)=ZYUX2 00002530
0180 8bLriENC JtY)zSIEAR 00002540
0181 88LMR(J,10)=BEAk 00002550
0162 100 CONTINUE 00002560

C 00002570
C 00002580
C***** HARREL CONSTANT CALCOLATIONS 00002590

Ult3 ENUxl.0 00002600
01e4 AMT=.0 00002610
0185 00 201 J=19NSE7 00002620
0186 IF(Id0UATA(CJ2).UL.1.0) GO TO 202 00002630
Olt7 00 203 M=!910 00002b40
0188 203 t*HLCON(JtM)=0.0 00002650
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FORTRAN IV C6 LEVEL 21 MAIN DATE =75166 07/44/4b

U189 dOLCON(J,5)=STAR 0026

0190 6O TO 201 00002670

0191 202 CALL CONST(SL0PEENIlbOATA(J,,)I0AA(4,3)IDATA(J'I)gAPT9 00002680
1NRHOAI3OREIdDA7A(j,53 ,YTT1,T2,TORQUEALEFTOYDXD2YOX2, 00002690
ZSHiEARPBEAR) 00002700

01,12 ddLCON( Jtl)=T 00002710

0193 88LCON( J92)zTl 00002720

0194 dibLCNC jt3)=T2 00002730
0195 BtbLC0NC J,4)=TCR20E 00002740

v196 6dLCON( JtS~uALEF'T 00002750
019~7 d8LCON( Jv61zY 00002760

01913 $1LC0N( J*7)=ATAK(DyVX)*RAD2UG 00002770

0199 d~mLC0N( J98):02YDA42 00002780
0200 t6dLCON( jtg)=S -EAR~ 00002790

0201 8bLCON(Jv10)=8EAR 00002800
0202 201 CONTINUE 00002810

C*00 tfD OF SARREL CALCULATIONS 00002820
C 00002830

C 00002840

C4O O00002860***~ O OO 
8 S

C 00002860

0203 O'j IS J=19NSLT 00002880

0204 [8UATA(J93)ICAA(J93)/I2*O 00002890

U205 IBUATACjq4)IBDCATA(J#4)/I2.o 00002900

0206 75 CONTINUE 00002910

0207 CALL PL0TS(IbUFvl000tI4) 00002920
0208 CALL FACTOR(i.0) 00002930

0204 CALL NEwPEIKI1) 00002940

0210 CALL PLOTO.0-3609,3) 00002950

0211 CALL PLOT CO.O2.bg-3) 00002960

0212 CALL FACTCR(0.Y) 00002970
C4 00*0 SET UP FIRST VALUES AIN0 DELTA VALUES FOR PLOTS *******00002980

0213 XP=10.0 00002990

0214 XT=10.0 00003000

0215 YT=8.0 00003010
0216 tvlbNSET.1 00003040

0217 N19=NSET.2 00003030
U218 CALL PLOT(10.0,090#-3) 00003040

0219 CALL SCALE(IuiOArA(I#2)9YT9N$LTI) 00003050
0220 CALL SCALE(ItJ1dATA(1,J)#,YTvtSLTt1) '00003060
o221 CALL SCALEU'IUAtA(1 .4) YT9NSET.1) 00003070

0222 CALL SCALE(ItiUATA(1 ,b) oYrNSET.1) 00003080

0223 CALL AXIS(0,Ut,0940HPROJECTILE POSITION UUWN BARREL (INCHES), 00003090
*v4OYT,90.0,1bDATA(N18,2lI8DATA(N19,2)) 00003100

I21 CALL AXIS(-0.StO*0,25HPROJECTILE VELOCITY CFPS)t 00003110
#25,Y7,90.0,II3UATA(Nle,3)iI60ATA(NI9,3)) 00003120

0225 CALL AXIS(-1.C,0.0,38HPROJEcrILL ACCLLEkATIOtN (FEET/SEC/btC)o 00003130
*3bYT,90.0,IdUATA(N18,4),IbDATA(N19,4)) 00003140

0226 CALL AAIS(-1.SO.0922HCHAM8EN PRESSURE (PSy*)o 00003150
+22,YT,90.0,I8DATACN18,5),I80ATA(.199S)) 00003160

0227 XUUMMY(1):0ou 00003170
0228 xOUmmy(2)=0.015 00003180
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FOR~TRAN IV b LEVEL 21 M A I r4 ATE a 75166 07/4.4/46

(3229 tALL SCALhJA0LM'Y*XI2u1I 0000J190
OZ3 oao vzuuN'Y(j) 00003200
0231 TDV=XDU.MY(4) 00003210
U232 14ArAfN18,1IrFV u0003220
0233 I8DA'.(^4I9*j)=TOV 030003230
0,J34 LALL AAIS(0.0,0.093hrTIM FRO'M PRII'Ek STRIKtE (SLCUjNUS)s 0000324.0

-33*XTp0.0qTFV~rUiV) 00003250
023b CALL '.:NE(IBOAFA(1.1lI80ATA(192),NSET,1,7,5) 000033260
0236 CALL LINECIt3UA1A(1,1),IBDA7A(193),NSET,1,7,0) 00003270
0237 LALL LI.NE(ItjLAA(19)IdATA4(I,4),NSETtI,1911) 00003ed0
0238 CALL LJNE(18(3ATA(1,1).IBDA7A(195,NSL.T.1,7,12) 0000329A
0239 CALL LEGNDICb.1094.u0,1) 000033003
0240 CALL PLOT(20.o09,Qi-3) 00003310

*0241 xOUMMY(1)-10.0 00003320
*024.2 ADuMMY(2)290.0 o uO03330

0243 CALL SCALE(X0LMMYvXP929I) u0003340
0244 PfV=XU~f4Y(3) 00003350

,d5 'lV=XOUtwY(4) 00003J60
U3246 IlVATA(NIdoe)=PFV 000303 370
0241. 1dbATAc'JI992)=!P0V 00003380

028CALL AXIS(0,Uv,(30q40MIIk0JECTILE POSITION U0WIN BARREL (INCiIESI, 00003390
-40,XPt0.0,PFVvPDV) 00003400

0249 CALL AXIS( 0.090.0925HPROJECTILL VLLu;Ciry (FPS)# 00003410
* 25,Y7,90.0,IbDATA(t18,3),Itd0ATA(N19,33) 00003420

0250 CALL AXIS(-0*9#00(33HPROJECTILE ACCELERATION (FEET/SEC/SEC)o 00003430
L *3bsYI,90.0,I8DATACNlte,4),180ATA(NI9,4)) 00004440

0251 CALL A1S(1I.0002cHCI1AN8Lk PRESSuRE (PSI). 00003450
L& 22,YT,90.0,180ATA(NvI(45),1~ULATA(N19,5)) 00003460

0252 CALL L1NE(IbjATA(1,2,1'3OA7A(19J),tSEI1,17,0) 00003410
0253 LALL LL-NL(180ATA(192),I80ATA(1,4),NSL7,1,7,11; 00003480
0254 LALL LINE(IBUATA(1,2),1iD0ATA(195),NSEr,1,7,I2) "0Ou3490
0255 LAI tGK01(7.8,t4*6092) 00003500
0256 CALL IPLOT(20.0O0.09-3) OOL')3510
0257 CALL SCALE((3BLCON(I,4)9YTNSEJ,) U00u3520
0&.58 vFVbLCONv18t 4) U(3"33
0259 -L0V=ii(.CCN(NIq' 000303540
Od60 ltLl(Ni8t4)=UFV OUUO3550

0121. 1LIN19,')=0V 00003560
0262 dLgd(NId.4)zUFV o0vO3S70
o263 ,rLe(N39,4q4).V 00003580
0264 '08LJ(N18,4)=UFV 00003590
0265 !dLJ(N1994)=(3DV 0000360U3
0266 HLrmtkHN84)=GFv 0U003610
0,267 dkLHLR~j19'.)=.lV 00003620
0268 HL,.I-C(N18,4)=4FVj 00003630
(3269 dLAMC(N94)ZCV 00003640
(3270 68LCUNCNI8,'.)2GFv uO003650
0211 b8LC0N(N19v4)=CVV 010003660
u3272 A~glJty(I)=0.u-I000. 00003610
0273 AUUMMY(2)=10000. 00003680
0274 LAtL SCALHAL)U't4YqYTt291) 00003690
0275 S,6*V=X0UMMY(3) 00003700
0276 b.IHIV=XUL.4MY (4) 00003710
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02 /7 Auutmy(1)=0,.000uu. 
Q0003120

Ue~~ji AOUMbMYC2)=40000. 
U033Ceg ALL bCALk(AUUftMY9YT,2JI) 
0000J 34oeko UARPV=XUJPMY (3 0000374002r) I .AUV=0UJMY (4) 00003160

-)e e m L (f I ci99) =!)r k V00003770
L.(NJ 8 o9) =briHFV o00080

0)00037900285'6~b9~S1F 
00003800oedo d*L1LR ((1899) Sh*kfV 00003810bei;7 '6LC0N(N1",9)=ShkFV 
00003820

U'? -1 U I ( I y t ) =S Hhu V00003830O~d L49 dbLe(N19q9)=SmhUV 
0OU3840ouet~) 0 L 3( N 9 #9 ) =S Hhu V OU00385b00291 uoL AMC(NJ 9.9) =rnktv 00003860

02' Ou~,EP(-N 9.9 =SmL~v00003V?0
oed;i eLC0N(N19o9)=Sr1ADV 

00003880
02p 1L C NN 18 1)V HL A F V 00003090

02'., 1dLAMC(N1$,1u)=t5LARFV 
00003910fu,,I i ' L ( 1t10 ) =dLA k FV 000039100298' UuL?(lId8v10C=dEAmFv 
00003920ci'; dL(N~s,10)=BtAkFv 
000039400300 dp"LICNZ9.I0)=8tAR0V 
000039500301 '3L?(N19*10)=8hAkU~V 
000039600jod f:L.J(NJ 9 610) dtA(UV 000039100303 Mi.AMCON 19, 1 ) =tLAkl)V 00003980o1-WOLH~(I19 10) ZEAk.JV 000039900301) HLC0N(NI'.,I0)=oLAKDv 
U0004000Uj~e, El~i.0 
00004010

virpul FUmN t'I.b bAkr EL. 00004020Ojut 4P41ft(6.l) 
000040301 0MATcel', 1 ////////,/, 0'9 2oX* 00004040'dAHIL~tL 19 J DE0HR.E INITIAL AtNGLL9 8.9b? EXIT9 Y=.001545t000040501'vb" ~ N=b I.6) bAkC*L'f) "O04'060Ak11L(6,4 00) 00004070U31I) 400 O (I9ZAQL1, 3 0E(HLE INITIAL ANGLE, 8.9157 EXI11 Y=.00645b00004.080

19Lf60A001.6, N=1.,b )dAgiELI) 00004090V ill WkITH69eiu) 
00004100uvil? UO e10 J=t~E 
00004110v 133 Am~,-0);tcL (t)bdIJbt8IJt)6L(t~ 00004120

Ut~tLI(,,) stli~l('91),tbL)TA(.tl~bbL (J9 ),J00004130UJ14 elu LLU1TINtjL 
,0004140Oils ApI'-10~7) 
0O04'150011 LI ALL FPLCT(-4SE1I ,1 A(c1,) 88L1 C1,'. 09SET,ShTpSETS:E) 00004160v317 .wR1)L(b,1P) 
00004170031.' LALL FPLCT(NSET,1,1IlUA1A(1,l) 8bL1 I..) .0vSETSLISEt,bET) 00004180vl)CALL AAiSc0.0,Q0.)S1tOH0CE SFINNING PRO0JECTILE (IN-Lt1S)9 00004190

*3n#Yt90.9GF~QDV)0000420003~0CALL AXIS(O.U9004k..PJOJELT1LE POS17ION~ 004N t5AHkL (1NCHLS), 0000'.d104 -40,W, 0.0JJFVtPIVV) 000042200421 CALL LU.E(ld0ATA(192),#LCLI1'.),NSErIIsI) 
00430322 CALL SYMb0L(4.2t7.b9.2I9I2hN=l.(b UARL90.09+12) 00004.240
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F04TPANi IV U LEVLL el FA IN DATE =75166 14/t

0323 CALL LI(IdUAIA(1,?),8Lc:,)NSLT.1,2tI) 
j U4,?50OJ24 CALL L1NI (IbAA(l2)dBLI(,1I,)f1SET,1,eo0, 

ck-jO42600325 CALL AXI'f-1*O00,3bHSHEAk bTf.LSS UN ROWAING UANL (PSI), 1JOU04270..3syr..0SHiFVqSHRV) 
00004e.dO0326 CALL AXIS(-.bvQ.0937haARIN, STRESS ON RbTATING 8AND (PSI), v..,91 *3 7#YT*9u.0,tuEAkFVPELARDv) 
(au0'.300U3,;? CALL LEGEND(6.90091@,222) 
(00043100328 (,ALL PLI)15.090.o..) 
'00'.2oo 129 CALL AXIS;(0.0#u.U*3SHTORQUjE SP-INNINU PRCJLClILL (IN-LdS)t ,0004.330

* J~oYf#90.09GFV,~oVj 00043400330 CALL A iS( 0 v0#0.oJ~t.TIME FROM PRIYLHi SMIKE (SECoNDS), 000t4.350
-JJ#XT90*eiTFVPTUV) 

0004300Os~jCALL LINE( 1lt3ATA(1Il),8BLI(I,..),NSET91,Ib.Il, 
UO0043700332 CALL SYr(8OL(42,7.S.2I,12hN1.#

6 bAkREL0.ov412) 00004.3800.433 CALL PLOTCIS.O,0.O,13) 
0000o4390

U34 Cc***w~E6 (uTPUTl FOik N=1.8 bARREL 0OU044000 3 3 4 H 1 ~ E ~ , , 2 )0 0 0 0 4 4 .1 00335 2 FURMATc.., l/////j///,s *0', 2o0 00042tv 'bAkKEL 2v 3 DEGREE INITIAL ANGLE, e-967 LAIT, Y=.00eIt0044)01/644**1.8, 1\:l.d dARRLLtI 
0000444.'003J6 wNlIEC6,410) 
1100044t)Uu13? 410 FO4IAT(#IPSkRfL 21 1 OEGRLE INITIAL ANGLE, e.961 EXIT, YX.002100OU4

4 6017b4*A*1.8 N=I-d 8ARRE.L') o00..4700338 wRITE(6t2I0, 
000044800339 tUO 260 J21,RSET 
0049Us'40 %%NIE(b?00)J,DATA298J),ac,

6 ,L 2 (J 4 ,LfJt, 00,004500
U3b d6 CONTINUE 

00004520OUJ42 WRIIr~ab,7) 
0000kb300343 CALL FPLOT(?JSET,1,IbDATA(I,2)v 8f3L2(1#4) s0,SLTqSET9SE [?SET) 00004540O1;344 wRITE(6981 
00004550OJ4)CALL FPLOT(N5EI~lsId3UATA(ID, 8k3L2(I,4)q09SE!9SL1,SLT,SET) 00004560034h, CALL AXIS(0#090.0t35HTORQUE SPINNING PROJECTILE (IN-Ld-S)t 00004570

w +39Tr90.0v;FV9VV)10004b8003J4/ CALL AXIS(O.Q,90.0,4nI.PROJEGTILL POSITION U0wN 8ARREL (INCHESt 0000'.590-4U#AP9U*OPFV#PDV, 
0UUU4600IJJ46 CALL LINE (IbOArA (192) 9091.20 t4),ISETI #15,11 00004610u349 CALL SymtIOL (4.2,7.5, .2I,I21N=I~b BARELv0.o,12, UmJO0462003b0 CALL LII4E(IdO)AIA(1,2),8BjL2(I9),N

5ET#j 25 j) 0UAJ4030V'351 CALL LINEtIIFUArAIo2,BL2(1,I0,NSET#1,
2 t,) 0OU046400352 CALL AXIS (-.5#.bO.37tHbLARING S!RLSS ON ROTATING b3AND (PS') (i000.)0Is-jtvYr,90.0.oARFVbhAkDV) 

0000'.ob00353 CALL AXIS(-1.0#0*0935HSHEAR bT~iESz 9N NOTATING ;JANU CPSIl 00004b/

0354 CALL LEGEND(6.00,1.222, 
000046900355 CALL PLOT(1S-o,U*o,..3) 
00004/00OJ66 CALL AXIS(0o0,U09JSHTORQUE SPINNNG PROJECTILL (IN-Ltb), 00004710*3b#YTv9vo..V#UoV, 
000047200357 CALL AXIS(O00o09J3HrIME FROM PRIPER SWkIKE (SECONUS), 00004730-339AI90.0tTFVvTUV) 
00004 /400358 CALL LINE( IBCATA(I,I) ,BBL2(j,'.) ,NSET,1S1h) 000047500359 CALL SYM~HOL4.2,/.S,.2jrI2HN~j*

8 8ARRELtO.Qt.121 00004 /600360 CALL PLUTISo,0.so-.3) ~'OU047 hi
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FwQTRAN IV 6 EE iMI A6 7160/44

Co * * .0 OUTI0 Fu"N=20El') RL 00004780

UJ61 *-? I T I 3) OU004860

0375RL CAL L3N (I0AA(, GB LE l I)NST,1,1SLE9e97 X Yz0 00004990
u.376 CALLe~o N=2O(4b,.0~j uREI)N. ARE,., 00005000

U3) 3:,T9.40~)FN) 000080
03t4 CALL fkA~I(..,hbATNIN'~KL t FG SRES INI NA *ATATN 8 o (PI), Y2006000080

Io46X**.0t =20. ,1 ARREL. "00040
U~I £.LL ITECIAAI,)U83I4UE,1,) 000080

03b6 (2LL L1NAA1,)0L(I9NET,,b 0000480

LJ67 CAkl. L6#O?(I.o,0.0,-(2) gjS3 v6tfL J4) 83JSt 00004800
Ufr3 CA-iL3(9L 3 AXI(t91BDA70,J5;1TUQUB PINNIG PN JCTL NLS) 00004890
03bA 2bo 0.0,,VTl.Ov 0u00400

C30(ALL FPXZS(ljbU llq,JI ME RUM Pk9t'E SB3 1j4)9sE79(tSS), MU004920

03?CALL FPLT(PS'E90[AAc~~ 8k3A(AcIv4,8dL3(I4),NSLTIIb,1I) UOU04940

(ALS M.50199.0I,..l'r 2. dRRLU0,I2 000040

CAL L T4~0X0.0vP,3) V 0000498

0375 CAILL, 00005479)

u376 SLX- AT .b/ LE(t., alA N=# ARREL') 912 0000500

0.177 Ec4 AI(','-.0#0.0#3r lA H bNC S OO ROTATI, N G RE RN (PI.?bl C 00005010
IA3 ,T AT AT .0# ,bI UeV9S NEES ~A8RE' 00VO5000

L'319 CaL Lj:71,NSEI etkiJIvu*NST190 U0005050

11380LA CN(Q),UBA(JI01I8OATA(,,,I),tlob8lA(), 00005060

(3Th CALPLOU6,7)O- 000~058
00-3 LALL FPLT(Nbt,I,1a09jCATURI,2U bdSPINNING 'a),0,bE1,SETSS) 00005090

+J*)4Y s9 .09FV60V Ovo!11

4. 4 AL A I (.#.#j-ILP~t kVR SxK SCN S ,cus i

-3vi0 0 TVO )ltS 2
CALL LI& ( ltGAI (19)t~tL3(#4)*SLT 1*1 911)000513

LAL8RE40042-0U54



FORTR~AN IV 6 LEVEL el M~AIN DATE x 75166 01/44/4b

0398 wp IT (6981 00005.310
0399 CALL FPLCT(NET,1,18UAA(1,),8dLAIC(14),0,SE1,Sk.J.SE1,tlT) 0000bi20
UJ400 CALL AXIS(J.0090354T0RQUE SPINNINU PkUjLCTILt. (IN-LdS)t 00005330

+ 35iYT990.0qUFV9UDV) 00005340
U401 GALL AXIS(0.090.09401.-PPOJECTILL POSITION OJ0WN dARRLL (INCHES,, 00005350

-40tAo3 ,0.09F FVPOV) 00005360
0402 CALL LINEC18DATA(I,2),BBLANC(l,41,NSETI,15,11) 00005370
0403 CALL SY0L(3.c97.5*.219I0hRIA 6ARREL90*09*10) 00005380
0404 CALL LINI(IHLATA(192,#8LAM.C(199),N5ET,1,2b,1) 00005390
U405 CALL LPA;E(IrUAIA(1,2),8BLAMC1,10),NSET,1d0,92) vuO0!'.00
0406 CALL AXIS(-1.0,O0935HSHEAk STRESS ON ROTATING bANb (PSI)# 00005410

I.359YT ,90.0tSHFVsSHROV) 0000542O
Lr407 CALL 4AIS(-*590o,37H8EARING STRESS ON R~OTATING- 8AND (P:)I)q 000054JO

1+379119 90*0,btA*VBEAROV) 10005440
(48CALL LEbtNC(6.000q1.?22) U0005450

0409 CALL PL07(IboOv0*0v-3) 00005460
0410 CALL AXIS(0.0,0.0'35ITORUUE 5PINNING PROJECTILE (IN-C8S)v 00005470

tv JbYTt90,09GFV9QOV) 00005480
V41CALL AXI5(0.0t0.09J3HTImE FRUK PRIMER STRIK~E (SECONDS)t 00005490

1,-jj9.%l ,voo,TV#TtV) 0000b5oo
0,-12 CALL LINE IbUATAC1,1),BE3LAMC(l,4),NSE1.!15b11) 00005510
0'u13 CAL!. SYM90.L(3.dt7.5t.2IvI0htIA 6ARRELt,09*.10) 00005520
0414 CALL PLOI(ID.0,0.0, 3) 000U5530

CO*000 OUTPUT FOR~ )-EkCULLS 8ARkLL 00005540
0415 'NfI rL(6,,) uOOub5SO
0416, 5 FORMAT('1'.' I ,/',/,/,tiit'i'' 2oxt 00005560

0 t'HESLN HEkCULL5 B3ARREL ,wITH 0. INITIAL ANb;LL98.9b61 L00005570
IAIT AN( Y=.0I00d*~A**.51) OooO51b8O

04.17 oowITL(6#44C,) 00005-;90
0418 440 FORMAT(I'slPRLSENT HERCULES BAR14EL WlITH 0. INITIAL AN0LL,8.9tb6' EUQUOS600

jI1 AND Y=.010080A**195') 0O05b10
0419 ~ wKITE(b.e)U) 00005620
0420 QO 410 J=1,NbET v0005630
0421 LtTE(6,200)J,18UATA(J2)dLE(J6)98IjiEk(J,4),88LiH(J,5), 000u5640

1HLIER(J,9),tLE(J10)IBDATA(J1)BL"lEt(J,7),J U0005650
0422 470 CONTINUE 00005660
0423 w'~ItE(0,7) 0560
0424 CALL FPLOT(NS~li,180ATA(192)vBBLHENCI4),oSETSLTSLI,.-LI) 00605bd0
04ei wkI TE (6 18) 000 Obb9O
0426 CALL FPL0T(NSET1,1DATA(11)88LER(4),0SErsLiSLTbtI) ('00405l0
0427 CALL AXIS(0.0U.09SHTCROLE SPINNING PROJECTILE (IN-LUS1. v%100b10

+j~qYT ,90.0GFvfQDV) U0005 12U
0428 CALL AXISCOoU90.0,4OHPROJLLTILL POSITION DOWN BAR'kLL (1yCrliS)o 00005730

(W -4uAX',0.0PFVPUV) 00005140
0429 CALL LINE(IdL'4TA(192),8tsLmER(i4)tNSET,1,15,11) 00O0b5s
0430 CaiL SYMBO8L(J.0,.'.b,.21,1SHHLRCOLES 8ANHEL.0,41b) 00005760
0431 CALL LINE(18VATA(12)odBLHR(19)#,NSTl,25fl) 00005770
0432 CALL LINE(IbUATA(1.2),BBLHER(,1),NSET@1,20,2) 000051HU

o.3CALL AXIS(-1.09,09,5HSIEAk bTkESS ON kOTATING LSAND (PbI)s UU005190
1*3b,'rT9900SHRFVtS1kOV) 000obboo

0434 CALL AXIS(-.b,0*03rt3EARIN(, STp4LSS ON ROTATIN6 BANU IS),00005810
'fJ7tY~90*,dEAR(V93E~iLV) 000058?0

U435 CALL LEGENO.611,I.222) 00005830
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FORTRAN IV G LEVL.L el M~AIN DATE z 7$16b 07/44./46

0436 CA.L PL(JT(15.0*v.09-3) 00005H40
0437 CALL AXISCO.00.OJSIOROUL SP-INNING PRCJLCI1L CIN-LdiS)i 00005)150

*0 359Y F,90.09GFVqUOV) 0000b060
0438 CALL AXIS(0.090#09JJ.TIML RLJM PkiIVLR ST".1tE (SECONDS). Oi)00bo7o

-339A f#o.09TF V. TUy) OU005bbO
0439 (aLL LINLCIdDATA(I.I) ,t8tLtLlR(l,4) .NSET,1ltb.1i) 00005890

O 0CALL SYMBOL(3.0,7.b,.21,1St*ILRCULEb bAR.EL0.0t*15) 00005900
0'41 CALL PLOT(1S.0,0.0-.t3) ouoo!Dyu

(@~QOOOUiTPUT FOR CONSTANT TWIST bARkEL 00005920
03442 oiWITL(696) uuoob~vJ0
0443 6 PORMAT(Il',' /////////// 10'1 2oXv 0o00540

'9 CONSrANT TWIST diARRLL#) 0300b9b09
044 YITE(6,450) 00005960

04 450 FOWMAIC'I','CONSIANI, TIST dARRELO) Gv00D97o
0446 mwITL(69210) UuUb98j
V4. 700 4d0 J=19NSET woobq9
0-41- A 1TE (b 9 OO) J t1dAA (2) 9 8LCON (J v ) 9 ULCU Jc,4) 9 bLCUN(J 15) 000600

ItUtLCUN(J9),tiLCON(J,0)IOATA(J1hdB8LCON(Jt7),J 0oO'molo
.,449 480 LcJNriNuf 00006020
04b0 .A(ITL(6,7) oooubo3,
04-51 CALL FPLCTcNSETIIdUATA(192),8LCON(194),0,SEr,SLrSE1,b.1) J0006040
0452 4k I TL 6 98) 00006050
04.53 CALL FPLCT(N5E1IIvdCATA1,1t)BdLCON(1'.),0,5ETSLTSETSET) 00006060
U454 CALL AXIS(O.0,0.093SHTOk.OUE SPINNIWi PROJECTILE (IN-LbS), 00006070

+Jbqy rt9o.o*(.FVquLDV) 00006080
v.-5S CALL AXIS(0.U,0.0,40 -PROJEC1ILL POSITION DOwN 8ARkLL (INLriES), 0000boi0

-4 v p, 90. o.PF V iPt;V) 00U06100
046CALL LNIDAAz2 8CN(,. NL..bI)00006110

11457 CALL SYMiOLCJ.uvi.bo..'i,2IbCONSTANT IWISr 0ARRLL00,9ei) tuoooQ,*j0
0458 CI.L L f t (I OA I A (19 e9 ,b)LCChl(I f10) oNSET 91,920 v2, 0O06130
U459 CAL.L LI-NE(18UAIA(l,2),Ut1LCO1N(1,9),\StT,1,2b.I) 0uOUbL4O
0*e00 CA,.L A~iSC-!.0,U.0,.IbnSHEAk bTRLSS ON MOATING '.ANL) (PSI), uvj0ub0,

(0'jCALL AXIS(-.bvC.UjirrSLAkINO3 SUNESS UN RuTATING dAND (Pb!)v 00000-170

L-~e(ALL LEGLt' l.u'i..0O) '.r)Ot 190
0)461 L"LL PLOT(lD.U9U.J.--) ;voob4(,L

0_4CALL AXI5(u.00,&,Uj5"11DN0LE SPINNINO Pr<OJEClILt (IN-Lb), .)OU06cl U
*4 ',YT,'jv.0*(.FVqODV) 'o6220

V465 CALL AXISf'.vto.U.JTI*E FHUM PkIIVER SfINK (SLCUNL)S)o U00062sO
4- 5jtXT9,L.J.TFVtT0)V) L0OVbe'.t

tl.66 C'-IL LIA t IU0AlA i l )oirLCON(3,94) r45tLTs 1i9 lI I 000625J
C-oj ' AlL SYMPIOL(I U9,7.5-- 21HC0NSTANT ldlSI beARREL #L.U*+Li vo,062bt
046T8 CALL PLOTIltb.0,q.L,-3) ut051

LALL AXIS(0.QqVU.,.uIPROjJLL POSITION DOwN 64'.NLL (IN~rIEbI, .j000t,2bu
-A4UxPqo.0,PfvpOVI 00006240

u'10CALL AXI (0.0.0.0 , 71-EAkINu SJNLSS ON ROTATING tDANv (P,), .,v0006300&

047'1 CALL LIljE(IUbAIA(li..')98Li(1,IO),NSLi,1,.200'.lUt~~
0472 CALL L!J.E(IHULATA(Ic12.I8L'Lk(1,10),NSLT,1,+15,I? ,ubJ
0473 CALL LINE(IdUATA(I,2),8$3LCC;N(1,10),NSLTI,.?59b) i0ut4c
i3414 CALL LINE(IUA.A(1,e~kbf1LAM.C(1,1(J),NSETI,J,') vuOO63b0
U475 CALL SYm"0L(t.k 409t.04d.07#10HRIA UARRELiA.0,.13)
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FORTRAN IV G LEVEL MAIN DATE =7516b 07/44/.6

0476 CALL SY'4RoLc,.1o00.-.063,.0?,i2-N=.t (1A~kEL90.0,.12) ofougoilo
0471 CALL SYMuOL (6.bOO,4.500,.0l, 15HtEHCULES CARRELtUd.-S) 4J000(3du
(0478 (;ALI. SY UOL(6.701,2.t)0,.07,21-CCNS1ANIT TwIST EANNLL9.09*,211 00006390
(4.79 CALL SYM0L(2.eb,7.bq.2It27HdEARING S7kESS CCOMPARISIONS*0.09*e7) 00006400

V-0 ALL PLO05.0,0.0t-3) 00006410
0'~1CALL AXISC0.090.Ut4ot.PROJECTILE POSIJION DOWN hAIkREL (INCH~bI, 00006420

IV I -40qXPqO.0,PFV9PUV) 000o6430
042CAIL AXI5(0d.00,3riS'EAR STRESS ON ROTATING bANI) (PSI), 00006440

1.i,vYT ,90.09SNHFVS'lrV) 00006450
04c!3 LALL LINE(IbUAJA(192),88Ll(I.9),N5ETI,.e0,4) 00006460
0464 CALL LINL(18OATA(lie),88LHiEk(1,9),NSET91,.1S,1) 00006410
0465 CAt, LINE(18DAiA(1,2),88LCONCI9hNSEtti,*25,5) 000064d0
0'48t) CALL LINEC!8DA1A(1,2),dBLAMC(199),NSETI,.3J,9) 00006190
UJ481 CALL SY'IBOL(6.t40,6.45e9.0,10HRIA BARkEL,0909#1U) uO006500
048$ CALL SYM~80L(b.59394.blb,.07,12I'NI-1.6 BANtiE *0,-0t+142) 00006510
04e9 CALL SYM8OL(5.00094.520,.07,ISHtIERCULES 8A0dEL9 .09+15: 00006520
0490 CA, 5Y'80LC0.632,2.604,.07,2-IHCONSTANT TWIST bA,~NLLv0.0q.e11 110006530
U491 CALL SYMR0L(2.2b97*5q*2Iv25HSHEAR STRESS C.0?WAR!SIONS,0.0,.25) 00006540
0492 1 r.NMAT('39 t #GRAPH CF TORQUE VS POSITIU;N$) 00006550
(1493 b H o"1AT I 1 ' GRAP. OF TORQJUE VS TIMEI) 00006 ,60

* 0.*.(4 200 Fo.QMATC' ',IJ,2F9.3,F16.3,Flb.4,2FI6.2I.8.,F13.J,19) 00006570
* u.5210 fOl-4AT(I '#//#1 091 1 P0SlTI0N',SX,'YtI0J(,'T0NQUL1,6A,' SrIAR Ak00006tb80

AEA #t 00006590
IJA-ISHEAP SINEb! 8FARING STRESS TIML RIFLING ANGLE 4i't 00006600

-* 2/.1 094W.(INC-LS) (INCMES)', 00006610
2DA#e(INY-L8S9,6tA,(INCHES*o2)1,6XI(PS1)9,s0Xtt(PSI)s, 00006620
4t)Xt (SECONDS) (OEGPEES)19///s* 1) 00006630

046CA.L TRAP(NStTIbOATA(I1J,)88L1(l,4),SUMITT) 00006640
*0 9 7 LALL TPA)(SLtIATA1,IhdttsL2(194 ),9Sbm-2TT ) 00006650

0f40 ALL 'THAPCNSETtIbUArA(19j),B8L3(14)9 Ijm3TT) 00006660
0499 CA'.L TkAP(NSLT,180ATA(1,1)bLH*ji(l,4),SU't TT) 00006670
0-00 CaLL TNAP(NSLTIbuATA(lI),8bLCON(194),SUM(,rT) 00006680
01301 UA TRAP (KSL r sIbUATA(I1 91) tt3LA4C (194) vSUOA IT) 00006b90

GL02CALL TP4P(NSLTI8OATAC1,1),dbL1(l,10),SUM1bT) 000u6700
vto)03 CALL Tp APSTI)ATA1,1)B8L2lcO)SUe2i) 00006(10
0504 CALL TRAiPCNSLTidUATA(1,1),o8L3,I,1o)SUtT) 00006720
0,305 CALL TRAP (NSL T 0Ib)ArT , tI ) obtL(I 110) SUMHHtT) UOU06730
0506 CALL TRAP(NSETIdJAMA(Iq) tbLLN(1,O)SUC8T) 00006740
0507 CAL L TRAP(h5LTqIcUATA(1,I),9dLAMC1910)SUPA8T) 00006150

*0508 CALL TRAP(NETtIdLuATA(191) ,B8Llc1,9)9SUMlST) 00006760
0509 CALL TPAP(NSLTI8OATA(1,1),dbL2(1,9),SUM2ST) 00006770
0510 CALL TPAP(NSLrId0AfAc1,11,9BtL311,99) SUM3ST) 00006180
Obil CALL TRAP(NSLTtIb0ATA(,1) stdisLEc(1,9)qSUMHST) U0006790

CALL TW4P(NSETIbOATA(l,1),B8L(ON(1,9),SUMCST) 00006800
ub3CALL T.RAPCNSETv1bLATA(l~l),vbtLAMC(199)9SUMAST) 00006810

0b14 CALL TkAP(NSETIbOATA(1,21,BbLI(1,4),SUMITP) 00006820
0511) CALL T;;AP(KSETsIE-0ATA(192? 98tL2(194)9SUM2TP) 00006830
0516 CALL TWAPbL,1tVATAo,2)ti6L3(194),SUM3TP) 00006840

*Ob)7 CALL rAIP(NLT1j)ATA(192)sbL.ER(l,4),sUMHTP) 0000'5850
0!:,1 k CALL TIAP(NSLTI1,ATA12) sLCON(1,4)vStUMCTF) 00006860
0519 CALL T,AP(NSLTIdUATA(1921,B8LAMC(194),SUMATP) 00006870
0520 CALL TkAP(NSLrIdOATAiat2)8bBLlC1,1o),suMIOP) 00006880
0521 CALL TK-.P(Nbf:TtIb0ATA(1s23,#81Le(1,10,SuM28P) o'0006890
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FORTRAN IV G LEVEL 21 P'AIN UAIE 75166 07/44/46

0522 LALL THAP(NSLTIbO)AT4C1.21,d8L3(1910)tSUP38P) 00006900
tbZ3 CALL 7HAP(NSLrIdOATA(12)duL1L(,10)SU'iiEP) 00006910
0524. CALL TRAP(NSLrIboATA(19),8bLCN(I10)5ur.C.P) 00006920
OD25 CALL TPAP(NSET,1d0ATA(I.2),t1iLAMC(1,10),SUlAbP) 00006930
05i26 LALL TkAP(NVSLTI&VATA(l,2),bbL1(1,991SUMISP) 00006940
05e7 CALL TRAP(NSElTdDAIA(1,21,abLk(1,9),SUM2SP) OU006950
0528 CALL TRAP(NvSLTib0ATA(192),BtIL3(199),bUMJSP) 00006960
0529 CALL TRAPIKSLrIb0ATA(1,21,buLIIER(I9),SUMHSP) %'1106970
0-,3u CALL TR4P(KSL ToibUATA 0 92) 98OLCO (It ) #SUMCSP) 00006980
6531 CALL TRAP (KSLTt I DAT A (1t2) ddLA4C(l,9),9SMASP) 00006990
05332 veRITL~b97751 00007000
0533 775 k0kMAT(Ollt ------------------------------------ 0000)7010

V1--- INTEGRAL VALLES----------------------------------------------- 09000000
,t, I @~OG~ TUk0LE 5@~O~** X, 00001034)

00**40*0010 SHELAR STR~ESS **00*1 5A, 000U7040
~ O*~***dEARING STRESS *.o.*.@I /1 00007050

wR * ~ TeL wR7 POSITION 't 5A, ';0007060
IRT IIrq. ART POSITION It 5X9 Uj000/070
~IT TIl'E WIi POSITION It /, 00001080

(IN-LH-SLC) (IN-LB-IN) It 5Aq 00007090
(PSI-St.C) (PSI-IN) 19 5A# 00001100

S (PSI-SEC) (PSI-IN) It M/ 000(11110
tl')j4 MlklTE (6,7I6)bUl,17T.,LM1TPSUM1SrSUMISPSU,,1bTSUMIlW 0000/120

l.3157 fOk.IATC' It 'N:1.b 6ARREL19 /9 J(E16.7*EI6.7v5X)t/) 00001130
1),).6 WRITE(69177) SLMeTTSUW2TPSUM27tSUMeSI',SUM287,5tJMe3P 00001140

ui7*7 FOkl-AT(l 0. IN=1.8 *3biRREL't /9 J(E16.79LIb.7,5Ah#/) 00007lb0
toewITE(6,77h) SLM43r1,5dJTP UM3SSUSP,3SPU?3,U31iP 00007160

0,,)40 %IiITL(b,119) SLMP1Ti,~ljPHrPtSUm iSlUMH5Pt,bL - 7601-iloP 00007180
(1)I179 PN1MAT(I It '.1EkCULEb 6A9Rf.L19 /I 3(Ejb.7,LI6.7,5X)t/) 00007190

U542 x~lTEC6,7d0) SLMCTT,SuFCTPSUMCSriSuPCSPSLmCHTSUM~d > 0000le00
1l,. 80 FUrx-AT(f '4 'CC,'STA-"iT TWIST d1i*REL't /t 3(LI16.7,L1b.79bX)v/) u0OO7dIU

054~4 vRITE(6t781) SLM4ATTSUrIATP,'.,MASTSUPASPSUMABTtbUlA0P 00007.2')
05.5 761 F0,MAi(t to 'RIA dA-EL', /9 3(El6o7,El6*7,SX)./) UO007230
0,546 CALL FACT~fk(I.U) vo)oO /~jb
"'.)4 CALu LTb0,.,~ 00007240

,41CA&LL A~jb(O.v,0.0t40-Pk0jEL7ILE POSITION OOwN eAfkNEL cI.-*'eLS)9 U0007251
1,-4UvAP,0.P'1,PUV) 0OU l?60

vl4)CALL AXlS(0.0,Q0tj'M4TCUUE SPI14NING PROJLCTILL (!N-L~b)9 vuU07270
~j,*YTs90.0qJFvLLV) oooo i280

0550 '-IL Li 4E(ItUAA(jte),k'dL1CIq4)tNSE79t,,20t0) (0007290
0951 LALL LIJ4E(IdULA(,'),tbbL2(I,4),NSET1,*920,d) 0000/300

v~"CALL LI. E(I(30A1(,?)bULJ(194),NSETI,'20'4) 00007310
V553 CALL LIN'E(IOL)AIA(1,'),,t3LkLR(14)NSEf,1,+I591) 0000/320
0554 CALL LINE(Id0ATA(1,2) 9t8LCON(1,4)vNSET#1t+5sS) 00001330
(1555 CALL LINE(IHUAIA(I.L'),8BLAPIC(194),NSET,1,-J0,9) 00001340
*Jibf6 LALL SYmqOL(6.C40t6.0429.0?t10RIA 8ARRLL90*0#'I0) 0000/350

0 7LALL SYM,30L (7.14593.990.72N=1 .6 UARk1L90.0941e) UJOU1360
UD8LAiL SYMjiL(7.I00,'.3S1,.07,I2MN~l.$ dA,~EL,0*09+Id) 0000/J70
059CALL S'v'UOL(6.b92v4.6b2t.O7t12hN:2.0 6ARHEL90.091iC) j07J80

obt,0 CALL SYNti0L (o.018,3.5:4I .07, lbI HERLULES 8AhREL,0*0,4151 00007J90
01,61 LCALL SYMO0L~e..E,)5,C.&J5t.07,2I('CCNSTANT lt I$T 8A)HtL*0.0,., I) j 70
052CALL SYM9H0L(2.cb,7.5q.?I927 70RUUE CLtPARISION!,,.0,127) U0001/410
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0563 CALL PLUI1.0j.t-3) 00007420
U564 CALL AXISCO.Ot0.U#33-TIME FRO0M PxIPER STIML~ (SECi0S)t (40071430

V-J39AI~,0.09TFVqTDVJ UJ~u07440
0565 CALL AXIS(0.U*U.0935iTCkuUE bPltqNt.6 PROJLFrILL (I-~S.00007450

1.JtttYT,90.0tUFv,(2DV) 00007460
054 6 CALL LINE(1dIJATA(1.1)t8Ll(l,4),NSETI,*2090) u0007470
0567 CALL L1INE(IoUATA(1,1).8UL2(1,4)tNSET,1,.20t,2) 00007480
056ts LALL LINE(IbL)A1A(1,1)8B8L3(1,4),NSET,1,.20,4) 00007490
0569 Li-LL LINE(IbDA1AC1,1),BLHEK((i,4),NSET,1,.15,1) 00007500
0570 CLiLL LlNE(Id0[AIA(I,1),d8LCUN(194),NSEr,l,.2S,5) Uu007510
0571 LALL L~uiEC180ATA(1,1),t38LAMC(1.'.),NSET,1,.Jo,9) 00007520
0572 CALL bYNq0L(6.9Ios7.I009*079I0flR1A BARREL,0.Ut.10) 00007530
0573 CALL SYM0L(1. 0,i3.910t.0712'N=1.6 tiARRE1,00,1Ie) 03001540
0574 CALL SYiv0L(7.39094.3lS.0712.Nzl.8 8ARREL*0.09+12) 00001550
0575 CALL SYM60L(7.390,625t.07vI2FN=2s0 BAREL,0.0,.12) 00007560
0576 CALL Syr*6OL7.J90,J.452,.07,15hhEHCULES BARRELt0.Ut+153 000i07570
0577 CALL SYg4'0L(b.35,7,962,.07,i1I-IC0NSTANT TWIST 8ARRLL90.09421) o0co~'lbao
U518 CALL SYH80L(I./597.59.21,18H10RUUE cOMPArIISONS,0.0t.18) 00001690
0679 CALL PLOTC2O0,07.09c9, 00001600
05e0 S70P~ 00007610
OS8I ENu 00007620
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FORTRAN IV G LEVEL Z1 AAIPC30 DATE 7516b 01/44/46

0001 SULkOI0TNE AAMCJ0CXXl1,2,STARTRRH0,AcCREPHASE.PLAAPk0j, 00007630
lY,7TlT1T2,OY0X9UiYDX2TRUEALEFTSHEAdEAR') 00007640

0002 *30=-1 .26797E-04 00007650
0003 t:= u.26041E-05 00007660
0004 632= 1.496S1L-03 00007670
ool~s 63=-4.?8221E-06 U0007680
000b 634= d.61423E-05 00007690
0007 AAX=-srART U0007700
0008 XX1=AX 00007710
0009 XX2=AX*XX 00007720
0010 XX3AXOXX*XX uO007730
0011 AA'.=AXOXX*XX*XX 00007740
0012 Y=',.81~xl2AA,83*X3d4AX4 00007750
0013 T=Y/H vOO0176u
0014 0)Yv)At1.2.0d2*AA.j.d3XA24.*b340XX3 vuv07770
0015 U;2YUA2=2.082 6.93*xx112**b4Xx2 OU007780

0018 Iuk,)uE=PGLAR*T2 0007810
c .O SHEAR AR CALCLLATION. AREA IS AktA SWtPft ALEFU IS AREA b0007820
C R~EMAINING3 ON THlL R01AIItNb 8AN' PEFk SLGMEN'T 00007830
C D iRIVE 1S irP!iNG Lftr AktA *j007840
L. 'Q' SUMFON IS SUMPArIOrN UF FOJRCES AT kAOIUS TU PROOIJCL TOHUL 000078b0

0019 14LA=.064800IJ*CYOX ;,)007660
0020 ALETf(0.03J62/-AREA[0 20.6 vO007870
0021 suruptcRL.JLjiH 00007880
0022 5tia.R=5uvFCR/ALFFT 00007890
0023 i)NvE=(.3600/CC.-CATANCCYUA)))*C0.0*0.019 1i0001900
(:Je4 bEAP=SUMF0k/URIVt bO007910
0025 RE tjzkI4 u0007920
0026 Eli uOU07930
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FORTRAN IV 6 LEVEL 23 COrNS1 LATE =75166b /4/t

0001 5Uv4WUT1NE COSr(~.EL~/vl9~A'v#rOAOtjhS I'Uuo7Y'4U
1TTrrORUUE,4Lu~ r.)YDX.U2YOZX2,SFE~kidEAk) 0900'7950

L. 0'0U7966
Co** CONSTANT IAIST CALCULATION.S 00400t)7910

cfl 00079CI0
0002 P')LAN=3.8i043L-04 00007990
0003 Y=SLU'E*(X-EhO) +AMl 00008000
0004 T=Y/k 0OO08010
0005 h1~bLOfPE*XI/R uooe~O2t)
UU06 T2=SLUPtE*X?/1 UOOO6030
0007 To.CuE=PCLAR*T2 00008040
00013 JY!)X=SLOPE 00008050
0009 1V2Y~j.X2=..0 00008060

090Sr-EAfk Ah CALCLLATIUN. AkEA 1S AmEA SWEPT, ALLFT IS ARFA 0000b070
c. O@* HEMAINING OiN TtlL ROTATIN.G 8AtNV PER SEGMENT 0000b080
C '090 bUMFUFR 16 SUMM~ATION UlF fJRCES AT RADILS TO IPRODUCL TOkuUE 00008090
C 000 LRIVE IS ITRIvIN6 EDGE AICEA 00008100

ouo S'-''o0R=T"NRCUL/k~ 000Obil 1
0011 AL0U=0.03346267 0 20.0 00008120
0012 SFltAk=SUfrFOR/ALEFT 00008130
0013 oEAP=Sum.FOF/.Iee2210 u0008140
0014 kErUR4 U000810
0015 ENU 00008160
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0001 uv,.-tU7INE FPLCTINt',XgvY.LOVE..YI.XMAAvYMINYMAA) 00008170
c. WUe.,CUTINE FPL141 008lts
C A Sd-vuTPNE LSING THE LINE Ph;~iTC PROULCE A PLOT OF LP TO tLGHT 0U008190
(. 0uUINfF~ ARRAYS VL,(SUS CNE ABSCISSA ArI4AY* FPLOT MAYr 6E Usb.O 1,LTI 0000b200
C WHL WI1V COMPI"L~pt 00008210

00008220
C INPUT 00008230
C Ni INPLT INTEut4 VALLE THAT SPECUIES NUW'8ER OF VALUES uF x. 00008240
C m INPUT IkfruER VALLE THAT SPECIFIES NUMBERi OF SETS OF 00008250
L ORD0INATES TI-A1 AR~E TO BE GNAPI-ED. V' PAY HE FROM I TO 8. 00008260
C A INPUT N JIM1LUSJONAL RLAL ARRAY CONTAINING VALUES OF ABSC,1SSA.00008270
C Y INPUT N -if V' UlNENSIONAL 1LAL ARRAY. EACI- VALUE OF 'I 00008280

G SPECIFIES "SET OF ORDINATES. EACH VALUE OF YCIot') 000082901LC SHOULC Cffi)kSPO.,uv TO ITS AiUSCISSA VALI.Ev DCI)o FOR I bo0003o0
C FR~OM 1 TO 44. 00008310
C LC'JDE IF LCCO..0* THE MINIMUM$ ANL 'MAX!P.UMS OF TrIE SET OF VALLLS 00006320
C TGj UF PLOTTLO ARE FOUNO FHO' rIL VALUES IN THE 00008330
C A ANO Y AORNAYS. 00008340
c If LCODL=1. THL USLR SUPPLIES 7tht~ VALUES IN TH~E u0008350

A..GUMtNT LIbT. 0000O1360
C API'% XQiA.* YFWIN, Y1AA 00008.310
c TH-E MINIMLM ANJ) MAXIMUM 01 THE VALUES OF rrE ABSCISSA 00008380
c, A.ND MINIMUM4 AND MAXIMUM VALUES OF ALL Ir'E ORDINATES. 00008390

0002 II.-kNSIUN X(N)tY(Nm),ASCALE(1I),YSCALECb) 00008400
0003 INTERO. tAK 0/II*I#f4I SeIt t dIIs 00008410

I ~.(0)r/./tA/I/,A/'',LN/ 1/ 00008420
0004 !F(LCOOE.EC.1) GG TO r. 00008430

C DEr~kmlIjE TiE MINIMUM AkiO MAXIMUM VALUEG 00008440
0005 A'

1
) *:X(l) 00008450

0006 ('PAAZXCI) 00008460
A0007 1"I)qY(lqI) 00008470

0006 0?,YI1) 00008480
00)09 IV 1=1I9ht 00008490
0010 Xt11V=AVI(t'INtX(IL, 00008500
()Oil 10 Xp1AA=AVAXI(ArVA;9X()) 00v08510
0(012 .,u f.0 1=1 IN 00008520
0013 JO ?o J=q v0008530
0014 YP!4=FN (Y1~taJJ)Ju008b40

C SCALE AND P'LOT IIIE PO0-*dS 0000ds60
0016 2 A[CcXtI)I.. )00081310i

OU17YjL=vA,.x-p~h)bv.0000e,380
,)018AA AA = .'A 4 X 0000S90

ut; 19 vE~L()MNou0bN,0
00,10 '. 110 1=2911 0000861U
V0,;I L1iu .LC)~SA~C-) (LCl. 0000661-U
*1022 '" .UL(c0=YMAX Vu000(b3O
0023 uO 120 1=2o6 000OU640
~,2~4 120( Y,,-..LA)=Y.SLALLiIIV)-(YINC*10.) '*000&b5O
00 4 5 iI~tCT~lj jooo0bb60
0026 IfIloqtol5 00000610l

007160 VAK I )=A-\ (9) vuJ10du
IbO P810 J,j 1300 KIvI~ 0000V690
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